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Nedwidek Notes for Bio class Oct 23-25, 2013: Proteins and Enzymes: Stuyvesant H.S.

Aim: What is the structural basis for protein function?

DN: Enzymes are protein structures with a key function—that is, to catalyze reactions.  What event(s) would damage the structure, and, in turn, the function of an enzyme?

Test Monday 10/28/13 on everything molecular up to and including energy transfer (see boundary below), BUT NOT ENZYME CHEMISTRY.  Please use the provided handouts to help you study proteins.  The topics tested will be everything we have covered on chemistry to date.  Since your last test was only on cells, this test covers water & a bit of inorganic chem, and includes the following topics: atomic theory, molecules, elements in macromolecules in biology, atomic number, ionic and covalent bonding, H-bonding, bonding behavior of C, O, N, and H, molecular shapes, pH, acid-base chemistry, monomers and polymers, dehydration synthesis, hydrolysis, fundamental characteristics of proteins, carbs, lipids, and nucleic acids, relationships of assimilation and digestion to their target reactions, characteristics of monosaccharides and polysaccharides, amount of water released in polysaccharide synthesis, examples in organisms, lipid characteristics and synthesis, steroid examples, the degeneracy and flexibility of the genetic code in DNA (nucleic acid), the relationship between amino acid sequence in proteins and DNA code, how peptide bonds are formed (between which functional groups), how proteins fold (distinguish between primary, secondary, tertiary and quaternary structure), hydrophobic collapse, denaturation and reasons for it, general form of DNA structure, general form of nucleotide, general form (molecular class) of ATP, energy flow, work, and the advantages of catalysis in terms of its effects on activation energy. STUDY YOUR NOTES & chapters assigned for HW on biological macromolecules.

The parts of this handout that deal with exergonic and endergonic reactions, activation energy. enzyme catalysis, induced fit versus lock and key models, enzyme specificity and active site, competitive and noncompetitive inhibition and examples, metabolism and catalysis, effects on enzyme activity (pH, temperature, [E] vs [S]), graphic representations of how enzymes and substrates interact to make products will be on your next exam in mid-NOVEMBER. For this test, understand the fundamentals of digestion and assimilation bearing on the food groups and the types of molecules we’ve spoken about since the beginning of this month; be able to relate these processes to synthesis and hydrolysis, respectively.  You’ll get another handout on digestion!

Your next lab: Protista: Next week.  Oct 30 & 31…. B((!  

State lab on diffusion & osmosis Nov 6 & 7. TBD.

Next 2 Tests: Oct 28, Nov 12. I may postpone the test to Oct 29 if I find we need the class time.

Nov. 5 is Election day and Nov. 11 is Veterans day—both are school holidays for you.  I am out on field trips to the DNA learning center in Harlem on Oct 29 & 30 as well as Nov 12 & 13.

Picking up from where we left off last lesson, proteins assume primary (linear polypeptide), secondary (alpha helices and beta sheets), tertiary (domains or parts formed by H bonding and disulfides and Van der Waals) and finally quaternary (domain-assembled) structures.  It is the quaternary structure that is capable of performing the target function of the protein.  The right shape enables a protein to chemically perform its duty, but any error in the primary sequence can therefore interfere with folding.  See supplementary handout on bonding and enzymes for details.

Is folding simple or complex?  

-People used to think it was simple.  Soluble, globular proteins do fold by hydrophobic collapse, with fatty hydrophobic amino acids on the “inside” and hydrophilic amino acids on the “outside”.  There are exceptions, especially when a protein needs an exposed hydrophobic face to interact with something else hydrophobic.  However, many very fine interactions need to take place to pack the inside of a protein precisely so it can perform a particular function, which is a direct result of its structure—that is, where the side chains are placed in three-space.  Successful “collapse” depends on shape, charge, and size of amino acids placed in a polypeptide.

How does the fold get messed up?

-Well, denaturation due to extremes in temp and pH can easily destroy a protein that already folded.  Sometimes this damage is reversible, but many times it is not.

-On the level of the genetic code, most mutations are innocuous or harmless.  However, there are some that really destroy protein function by changing the identity of a key amino acid in the structure.  Placement and fit of amino acid side chains is key in determining protein function.  Recapping the central dogma, if DNA (is messed up with even one key change)(RNA (becomes messed up)(creating protein (that is truly messed up, possibly without folding).

What is the role of R groups in a “fold”?

-Some R groups are big and bulky.  Some are small. All have different chemistry.  Some R groups are good in the hydrophobic core, and some are good on the hydrophilic faces or outside of proteins.  Ultimately, proper placement of amino acids is key to a successful functioning fold.

-Selected Amino Acid Side Chains: Draw from the board!!

Glycine

Alanine

Phenylalanine


Arginine

“Dogma” states that DNA->RNA->Protein; mutations that interfere with polypeptide sequence can be deleterious.  Any change that turns a traditionally polar amino acid to nonpolar, or a traditionally nonpolar (in the core) to polar, can completely denature the protein by unraveling hydrophobic collapse.  These are the most drastic effects that unravel protein function.  

What do proteins do and why do we study them?

-Proteins function as enzymes, structural support, in transport (of molecules), movement, hormones (signaling), and defense (immunity).  (see supplement) Many important proteins in life are catalytic at least in part.  Catalysis, which speeds chemical reactions, is dependent upon successful folding.  Protein “design” (perhaps to remediate a disease) has as a major target goal to build successful catalytic functions from scratch.  One of the reasons for this is to use a target function to assess whether a target fold has been achieved in the design, in essence not a study of the function but a use of the function to assess the fold up front.  The information gained from such a study of folding for its own sake can then be used to engineer desired functions afterward.  This was the central focus of my graduate work for a Ph.D. in molecular biology/biochemistry.

What is the result of destroying biological function of an essential protein?

-Genetic diseases are usually the direct result of a mutation (either point or otherwise more extensive) that creates a lesion in the DNA, destroying the protein encoded by that gene.  This may destroy catalytic activity of that protein.  Such defects are extensively studied as they are inherited in families, often incurable, and affect every cell in one’s body for life.

-Sickle cell anemia: Hemoglobin (Hb), a 4-subunit protein involved in oxygen carriage in red blood cells (RBC), is susceptible to mutations that by changing a core hydrophobic amino acid to a hydrophilic amino acid, unfold the core of one Beta subunit of Beta globin.  The four subunits then cannot assemble properly.  This disables effective oxygen carriage by Hb because it is then misshapen, changing its landscape and in turn its catalytic or binding function. The “sickle cell” phenomenon that results from this change affects the shape of RBC as well, “sickling” them.  The critical mutation in this case in Beta-globin is DNA change that makes Valine 6 (hydrophobic) substitute for Glutamic acid (hydrophilic, position 6).  The normal amino acid is hydrophilic.  Malarial resistance is conferred when people have just one defective copy of Val6Glu Hemoglobin.  Some of the more severe forms of the disease involve mutations that stop synthesis of Beta-globin altogether.  See supplement for more info on Hb.

-Diabetes: Insulin is a peptide (small protein) hormone that is encoded by genes.  It regulates blood sugar levels by binding cell membrane receptors (see supplement) to let glucose in and out.  Diabetics either lack insulin entirely or make a form of insulin that is altered due to a point mutation that renders it nonfunctional, but much of diabetes is multifactorial (not just one gene).  If insulin is mutated at certain positions, it will not function at all to regulate blood sugar.

Sub-Aim: How is enzyme catalysis measured and represented? (aud ch 6)

-What is energy? ANS: __________________________________

-How is energy transferred? ANS: ____________________________________________

-What do catalysts do? ANS: _____________________________________

-What is activation energy? ANS: ______________________________________

-Reaction energy that is not absorbed by a system is typically released as heat.

NOT ON OCT 28, 2013 EXAM, but WILL be on November exam on enzymes & digestion:
-2 major types of reactions: Copy graphs from board; note G is a function of heat and entropy.

-> Exergonic






-> Endergonic

-> lets off/releases energy




-> takes on/absorbs energy

-> energetically favorable




-> energetically unfavorable

-> -G (measures heat and randomness, called Gibbs eg.)
-> +G

-ATP (adenosine triphosphate—see text aud 104 for structure) and electron carriers in the cell act in tandem as energy currency and carriers respectively, but a cell needs a way to slowly harness the energy of reactions.  An important concept around energy transfer in cells is that endergonic and exergonic reactions are directly coupled to essentially fuel one another.  It is highly efficient!

-Energy can be transferred or absorbed.  Think of a bouncing ball versus a ball of clay hitting the cement floor.  What would happen in each case?  Which case represents energy absorption?

-Some reactions are fast and some are slow.  Combustion reactions, for example, those in an internal combustion engine of a car, release bunches of energy quickly.  Cellular reactions occur quite fast individually, but with many steps over a longer period of time than a single combustion reaction.  Without catalysts, however, these reactions would take too long to occur in real time.  

-Catalysts reduce the overall activation energy for a particular reaction.  Copy graph from board:

-The general reaction E + S ( P where E is enzyme, S is substrate, and P is product(s) has the characteristics that the enzyme is not destroyed during catalysis, and that both activation energy and the energy content of products are reduced by a catalyst (aud 106). Enzymes end in “–ase”.

-The active site is a location on an enzyme where a particular specific reaction with substrate occurs.  There are/have historically been two running mechanistic models (What is mechanism?) for how this works.  They are called induced fit (newer and accurate) and lock and key (older and inaccurate).  The “lock and key” model suggests that enzymes assume rigid structures, lock to substrate, and spit out/release formed products.  The “induced fit” model invokes a squishy enzyme structure, where the substrate docks & is squeezed by the enzyme (think of clay).  This model allows for enzyme adjustment to multiple substrates within a specific range.  This can be good and bad, but the model is supported by detailed structural data that is believed accurate.

-The reasons multiple specificities are good is that they allow one enzyme to do a few functions.  The reasons they can be bad are that they allow the enzyme to be fooled by rogue substrates that can destroy the functionality of the enzyme or can produce biologically toxic end products.

What does enzyme behavior “look like” graphically?

“Normal” relationships between enzyme action & conc. of enzyme or substrate (1 A-site): Draw:

-Examples of interference with enzyme function include the following (see supplement also):

Feedback, or noncompetitive inhibition, is governed by a phenomenon called allosteric inhibition (see supplement): an end product in the metabolic pathway interacts directly with the enzyme but away from its active site, yet it changes the shape of active site, temporarily inactivating the enzyme until it is needed again (ex. thyroid regulation; TSH is downregulated by thyroxine).  Active site competitive inhibition is a direct interaction whereby a mimic substrate takes over the active site of an enzyme, either binding it very tightly and taking the enzyme out of action, or competing with the “correct” substrate for time with the active site cleft and releasing toxic end products as a result (ex. antifreeze reacts with alcohol dehydrogenase to produce deadly toxic acids; the only cure is to outcompete this reaction with pure ethanol).

What affects enzyme turnover rate?

-Factors such as extremes in temperature, extremes in pH, [E], and [S] all affect the turnover rate of an enzyme, an aspect of its function and specificity. Turnover refers to the conversion of substrate S to product(s) P over time.  Most enzymes have an optimum or best temperature, pH, and local concentration at which they function well.  Let’s look at some specific examples graphically (copy graphic examples with details from board; also see supplement):

*Enzyme activity versus temperature:  extremes in temperature render most enzymes inactive.

*Gastric proteases & intestinal proteases ea. function at different optimum pH to control activity.

*Enzyme activity hits a plateau when [E] is equivalent to [S].  Why?

